Various physico-chemical characteristics of river Yamuna flowing in Haryana through Delhi were studied in summer (April, 1998) and winter (Jan. -Feb., 1999). 
Introduction
Rivers have always been the most important freshwater resources, along the banks of which our ancient civilizations have flourished and still most of the developmental activities are dependent upon them. River water finds multiple uses in every sector of development like agriculture, industry, transportation, aquaculture, public water supply etc. However, since old times, rivers have also been used for cleaning and disposal purposes. Huge loads of waste from industries, domestic sewage and agricultural practices find their way into river resulted in large scale deterioration of the water quality.
The growing problem of degradation of our river ecosystem has necessitated the monitoring of water quality of various rivers all over the country to evaluate their production capacity, utility potential and to plan restorative measures 1,2 . The present study on water quality monitoring of river Yamuna was carried out along its course in
Haryana state with a view to evaluate its ecological best designated use at different sites.
There have been no systematic studies on this river in Haryana till now, although well planned monitoring has been done for the river in Delhi and Uttar Pradesh [3] [4] [5] .
Further, more than 70 percent of drinking water supply of Delhi is abstracted from river Yamuna 6 , hence it is all the more important to monitor the water quality of the river in Haryana. The permissible limits of domestic water supply for drinking water, as laid down by the United States Public Health drinking Water Standards (USPH), World
Health organization 7 (WHO) and Indian Standard Institutions 8 (ISI) are shown in Table 1 .
The ISI values available for a few parameters are much higher than those for USPH. The permissible limits of the above parameter for surface water are 3-5 times higher. The general requirements for recreational and aesthetics, aquatic life, fish and wild life, and irrigation are described by A. K. De 9 and also given in ADSORBS 10 .
Materials and Methods

Location:
The river Yamuna originates from Yamnotri glacier near Banderpunch peaks of Lower Himalayas (38° 59° 78° 27 ° E) in the Mussorie range at an elevation of about 6320 meter above mean sea level in the Uttarkashi district of Uttar Pradesh (U.P. Haryana is mainly situated along the north-eastern part of the state along the Yamuna.
The wastes from these industries, agricultural runoff and the drains carrying municipal sewage of the cities enter in to the river and affect its water quality.
Sampling
Sampling of the river water was done in summer (April, 1998) 14 . Temperature of the water was recorded using a thermo probe on the spot. Electrical conductivity and pH were also recorded on the spot using portable TDS -Scan and pH meter. DO was determiner using Winkler's method on the site itself. Calcium and magnesium were estimated using EDTA titrimetry, sodium and potassium by flame photometry, chlorides by argentometry, sulphate by nephalometry, phosphates by molybdenum -blue complex formation using spectrophotometer. Nitrate was estimated by acid treatment followed by spectrophotometry and estimation of COD was done by reflux titrimetry.
All the reagents used for the analysis were analytical reagent grade. The quality assurance and quality procedure were also used as described in APHA 14 . The data were statistically analyzed for t-test and intercorrelations matrix using SPSS software package.
Result and Discussion
Out of total 42 sampling site studied in summer, 16 representative sites (Fig. 1) were sampled in winter to compare the physico-chemical characteristics of the river water during different seasons ( Fig. 2-5 ). To differentiate the pollution load of Delhi and
Haryana the river was divided into three sections:
III. (Y29-Y42) -Okhla to Hassanpur (Delhi downstream).
Physico-chemical characteristics
DO in the river water showed marked variation at different stations. In the Delhi upstream stretch it ranged from 7.1 to 7.8 mg/L in summer and went up to 10.9 mg/L in winter. Lower temperature is known to favor greater dissolution of oxygen in water. DO in good quality streams is usually more than 6 ppm to promote proper growth of fish and other aquatic organisms 15 . Thus, in Delhi upstream the DO levels indicate good quality water. The DO levels fell sharply in Delhi downstream an at Okhla as well as at five subsequent stations i.e. up to an approximate downstream distance of 30 km from Delhi, the DO could not be detected in the water by Winkler's method. This depletion of dissolved oxygen in the river water seems to be due to the microbial decomposition organic matter that accumulates in plenty in Delhi section. High loads of organic pollution reaching the Yamuna from various industries and sewage through drains lead to low oxygen or even anaerobic conditions in the river water downstream to Delhi. The river is able to recover from the organic pollution stress only after covering a distance of about 35 km at Hasanpur probably through itself purification system, where the DO was found to be 8.5 mg/L. Mass fish mortality have been reported in the river at Delhi where the DO drops sharply due to waste water outfall 16 .
Temperature during the sampling of summer was found to vary from 15 to 20. Alkalinity of the river water was more in winter when the temperature was lower.
During summer the alkalinity ranged from 80-250 mg/L while that in winter varied from 150-600 mg/L (Fig. 3) . Alkalinity serves as a pH reservoir for inorganic carbon. It is usually taken as an index of productive potential of the water 18 . The higher values of alkalinity during winter indicate greater ability of the river water to support algal growth and other aquatic life in this season.
Ionic composition
The variations in cation composition of the river water viz. Ca + , Mg 2+ , Na + The percentage of Na + ions is often taken as important parameter deciding the suitability of water for irrigation .The Na + levels were quite low (7-11 mg/L) in most of the Delhi upstream segment. Thus, the water is suitable for drinking or irrigation.
However, at Palla drain the Na + concentration increased sharply to 47 mg/L and then in Delhi downstream, after Okhla, the levels of Na + were elevated in the range of 88-148 mg/L. Such higher levels of Na would be a potential Na + hazard for the crops if the water were used for irrigation. Presence of K + in the natural waters is very important since it is an essential nutrient element. The concentration of potassium was quite low in summer (2 to 4 mg/L) in the upper segment, which increased up to 18 to 25 mg/L in the lower segment. The concentrations were higher during winter sampling (Fig. 5) . Sonipat (6496 kg/day) mostly enter into the canal system and only after traversing several tens of kilometers enter into the river. By that time, there is substantial recovery of the canal water. COD levels in the river in Delhi downstream stretch were determined and reported in Table 2 which is the most polluted section of the river in Haryana and yet no study has been conducted till now on it. In the upstream stretch the COD has earlier been Dissolved oxygen showed significantly negative correlation with all the parameters except pH with which it had a positive correlation. Only Ca + and Mg 2+ did not bear any significant with DO Thus, DO can serve as a single useful index of water quality of the river because with increase in the value of most of these parameters, the DO decreases.
Excess of Cl
Inter-relationships
Ecological Best Designated Use
Some ecological parameters were used to decide the best use of the River Yamuna flowing in Haryana like irrigation, industrial processing and cooling, drinking water resource, outdoor bathing, propagation of wildlife, navigation, fishery, recreation and controlled waste water disposal. Base on the parameter value of pH, EC, TDS, Na, NO 3 , SO 4 , PO 4 and DO and the maximum permissible limits for these parameters it may be concluded that the stretch of Yamuna from Hathnikund to Palla is suitable for drinking, bathing, wildlife fisheries, recreation, irrigation and industrial cooling following water quality criteria for various designated best use as outlined by ADSORBS 10 .
However, in the Delhi downstream the hardness was quite high, hence could not be prescribed for boiler feeders, food processing industries, textiles and laundry. The high SO 4 levels have also rendered the water unsuitable for dairy, textile and sugar mills. high chlorides levels and low DO levels in this section have made the water unfit for drinking, bathing or wildlife fisheries etc. However, the water could be used on limited scale for irrigation and industrial cooling. Y04  Y09  Y13  Y16  Y19  Y21  Y23  Y24  Y25  Y28  Y29  Y31  Y36  Y37 Y04  Y09  Y13  Y16  Y19  Y21  Y23  Y24  Y25  Y28  Y29  Y31  Y36  Y37 Y04  Y09  Y13  Y16  Y19  Y21  Y23  Y24  Y25  Y28  Y29  Y31  Y36  Y37 
